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N.A.G.A. 23012 A IRFO IL 

By Carl J. Tensinger and Millard J. Bamber 

SUMMARY 

A large-chord N.A.C.A. 23012 airfoil was tested in 
the closed-throat 7- by lo-foot wind tunnel. The airfoil 
extended completely across the test section, and two- 
dimensional flow wa6 approximated. The model was fitted 
with a full-span slotted flap having a chord 25.66 percent 
of the airfoil chord. The ailerons investigated extendQd 
over the entire span and each @ad a chord 10 percent of 
the airfoil chord. The types of ailerons tested were: 
retractable ailerons, slot-lip ailerons using the lip of 
the slot for ailerons, and plain ailerons on the trailing 
edge of the slotted flap. 

The data are presented in the form of curves of sec- 
tion lift, drag, and pitching-moment coefficients for the 
airfoil with flap deflected but with ailerons neutral, and 
of rolling-moment, yawing-moment, and hinge-moment coeffi- 
cients calculated for a rectangular wing of aspect ratio 6 
with a semfspan aileron and a full-span flap. 

For the ailerons investigated the data indicate that, 
from considerations of rolling and yawing moments produced 
and of stick forces desired, the retractable aileron is 
the most satisfactory means of lateral control for use 
with a full-span slotted flap. 

INTRODUCTION 

Many types of trailing-edge flap have been doveloped 
for producing high lift coefficients. These flaps usually 
oxtond over only the inboard section of the wing 'because 
the outer portion is required for lateral-control devices. 
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With such an arrangement, the average lift for the entire 
wing is less and the drag is more for a given lift than it 
would be if the flap extended over the entire span. The 
increase in the lift-drag ratio obtained with full-span 
flaps over that with partial-span flaps fs especfally im- 
portant for the condition of take-off mfth flaps deflected. 

The purpose of the present investigation was to de- 
tormlno the effectiveness of various latcrnl-control 
dovices when used qith a full-span flap. An arrangement 
of tho full-span slotted flap reported fn reforoncos 1 and 
2 tvas usod because that flap appears to bo ono of the most 
promising high-lift devices dovolopod up to tho prosont 
time. 

Three types of aileron were investfgatad: 

. Slot-lip ( 1 references 3 an-.- The lip of the 
flap slot was hinged to move up so as to change the slot 
shape and also to act as a "spoiler" on the upper surface 
of the airfoil. 

2. Plain.- The trailing edge of the slotted flap was 
hinged to move as a plain aileron. 

3. Retractable (reference 5l.e A curved plate was 
instalied that moved out of the upper surface of the air- 
foil ahead of the flap to act as a 'lspofler.*l 

APPARATUS AND TESTS 

Model 

The airfoil was built to the N.A.C.A. 23012 profile 
with a mahogany nosepiece, a pine flap and slot form, and 
the intermediate section of ribs was covered with tempered 
waterproofed wallboard. The modal has a 3-foot chord and 
a r-foot span. The chord of tho flap, which oxtcndcd 
along the entire length of the span, was 0.2566~. The 
airfoil profila, the slot and tho flap dimensions, and the 
locations of the flap when dofloctod are iven 
l(a) and fn table I. f 

in figure 
Figures l(b) to l(d show tho ar- 

rangements of the ailerons with their locations and dfmen- 
sfons. 
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General Test Conditions 

The model ccmpletelg spanned the closed test section 
of the mind tunnel so that two-dimensional flow was prac- 
tically attained. The two-dimensional-flow. installation 
in the 7- by lo-foot closed-throat mind tunnel is described 
in reference 1. The ad.1eron hfnge moments were measured 
with a torque-rod balance. 

A dynamfc pressure of 16.31 pounds per square foot 
was maintained for all tests. Thi.s dynamic pressure cor- 
responds to an air speed of about 80 miles per hour and to 
an average test Reynolds Number bf 2,190,OOO. 

Measurements of.lift, drag, and pitching moment mere 
made for each aileron setting through a complete range of 

~;ygo;fo:tt~;~ u;o:o ;y "g:l pand 5oo. with flap deflections 

settings (ia) iore iiXirL<k; Upi- 
The aileron 

plus,. down): 

For the slot-lip aileron, O", -5', -IO', -20°, -30°, 
A 45O, and -60'. 

For the plain aileron, -4oO, -300, -200, -loo, o", 
loo, 200, 300, 40°, 50°, and 60°, 

For the retractable aileron, 0, up O.O333c, O.O667c, 
and 0.10~. 

Because of possible structural advantages, narrow-chord 
retractable ailerons were tested with deflections greater 
than the aileron chords so that a gap was le,ft between the 
upper surface of the airfoil and the bottom of the aileron. 
%e aileron with a chord 0.0667~ was tested up Q.l.Oc, and 
one aileron with a chord 0.0333~ was tested up 0.0518~ and 
0.0686c. The chords of,the retractable ailerons were 
measured along their suspended arc, 

BESULTS 

Airfoil,Section Coefficients 

The airfoil section coefficients are given in stand- 
ard nondimennional coefficient form as follows: _ 
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section lfft coefficient, VW. 

section Profile-drag coefficient, d/w m 

section pftchingMmoment coefficient about 
aerodynamic canter of airfoil wfth flap 
and aileron neutral, m/qca. 

is sectian lift. 

section profile drag. 

section pitchfng moment. 

dynamic pressure, & p V*. 

airfoil chord including flap. 

section angle of attack. 

Aileron Coofficionts 

afloron hinge-moment coefficient, ha/(q m Sal. 

is aileron hinge moment' about the aileron 
hinge. 

aileroh chord. 

aileron area. 

rolling-moment coefficient. 

yawing;monent ooefficlent. 

Rolling-moment and yawing-moment coefficients for a 
rectangular wing of aspect ratio 6 with one semispan ai- 
leron were computed from the tno-dimensional-flow tests 
by the folLowzIng method: 

-0.0071/(dcI/da> AcI 
3 1' 

where .Qi* = -0.180 Cl' c'1 , and C 1 = 0.125 A Cd . 
2 .+J 0 

I- 

. 
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act/da is the average of the slopes of the lift 
curves (Act per degree) ,for the airfoil 
with aileron neutral and for the aileron 
deflected. 

ACT 3. the increment in the section lift coefff- 
1 cient produced by the deflected aileron' 

at any given value of angle of attack a. 

c 'I "i 
the induced yawing-moment coefficient pro- 

duced by the fncrement of section lift 
(Act1 1. 

. 

9, ' the average cl of the airfoil when the 
aileron fs deflected on one side. 

c ‘s 
n, 

the yawing-moment coefficient due to the in- 
crenent of profile drag (ACdo 1 produced 
by the deflected aileron. 

(The constants -0.0071 and -0.180 are taken from' 
figure 13(a) of roforence 6. Theso constants in- 
clude tho effects of aspect ratio and lfft dis- 
tribution produced by the deflection of the ai- 
leron on one side. The constant 0.125 assumes 
that the profile drag Froduced by the afleron is 
concentrated at the center of the aileron.span.) 

Accuracy of Resfite 

Experimental errors Ltn the results presented in this 
report are'believed to be withfn the followvfng limitst 

q 7 - - - - - - ^ - - - *0.02 (near maximum lift> 

Cd0 - - - - - - - - - -, - *to.0003 (minimum drag with 
6f = o"> 

cp - - i - - - - - - - - *0*005 

G,f - - - - '- - - - - - - *(3*002 

. ch, - - - - - - - - - - -,&0.005 

a - - - - - - - - - - - kO.50 

&f - - - y - - -- y - - -- o" to "I.00 
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,. . 

a, - - - - - - - - - f0,3O,: .' ,, , 

Aileron position - - -fO.O003c 

No tests were made to determine the effect of flap 
and aileron fittings on the results. The lift and the drag 
have been corrected for tunneLwall effects, as explained 
in reference 1. The effects of the fllttSngs and the tun- 
nel corrections probably would not appreciably change the 
rolling or the yawing moments,given in th%s report. 

The given limits of accuracy do not include any un- 
certaint9os in the assumptions usod for comput2ng CL' 
and C,!. The same relations, howovar, ware used fn this 
report for all coefficients. 

DISCUSSIOm 

Characteristics o f Airf.oil with Slotted Flap 

The section characteristics of the airfoil with ai- 
leron neutral and the slotted flap deflected are given as. 
curvos,of CX? Cd , and 

. Om(a; c. Jo 
plotted against the 

0 

section angle of at-tack a0 in figure 2. These data'are 
given to show the general characteristics of the slotted 
flap. A s previously mentioned, the data ware not correct- 
ed for the effects of the aileron and the flap fittings. 

Aileron Characteristics 

The rolling-moment, the yawing-moment, and tha hinge- 
moment cocfficionts computed as previously descrrbcd ara 
given. in the form of curves of the. coefficients plotted 
against aileron deflection. The coefficients are all 
given for a rectangular wing of aspect ratio 6 with the * 
full-spaa.flap and for.a single atileron extending over the 
entire semispan. Tho data are given in this form so that 
all ailerons will be on a convenient basis for comparison. 

An bdication of aileron performance may be obtained 
from the wind-tunnel data by consideration of the following 
factors: , 
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1. The value of Cl 9 should increase with lift 
coeffictent, i.e., it should increase with angle of at- 
tack'and nith flap deflection so that the airplane milL 
have about the same response for a givon control movement 
regardlass of flying attitude, 

2. The value of 6%' should increase wfth ailaron 
doflactfon, and act r/d8a should be large for small ai- 
leron deflections. 

3. Lag in rolling motfan with control movement should 
bo sma$l, probably loss than l/10 second (reforanco 7)* 

4. The values of C,' should bo small in any case 
and preferably favorable (positive -zhen 6~ * fs positiva). 

5. The hinge moments of one aileron should be small 
or of such a nature that they can be counterbalanced 
against those of the other afleron through a differential 
linkage. 

6. The control force required to deflect the ailerons 
should be small and should increase uniformly with aileron 
deflection unless a servocontrol mechanism, such as hy- 
draulic operation of the ailerons, is used. 

Slot-lip afleran.- The rolling-moment coefficients 
for the slot-lfp aileron are unsatisfactory for the condi- 
tion from Ef = Oo to Eif =: 200 with aileron angles less 
than 10' because about loo movement of the ailerons from 
neutral is requfred before any apprecfable amount of roll- 
fng Moment is obtained {fig. 3). The lag in rolling MO- 
tion wfth control movement is 

P 
robably less than l/10 set- 

ona. (See references 3 and 4. 

The yawing-moment coefficients are generally adverse 
(negative) for small aileron deflectfons and favorable 
(posftive) for large aileron deflections, These moments 
generally become algebraically less as the flap angle is 
increased (fig. 3). 

The hinge moments required to hold the aileron neu- 
tral are large and increase wfth flap deflections (fig. 4). 
As the aileron is movea I$, the 'mamonts change sign and 
force must be applied to move the aileron higher. The 
SlopoS Of the Curves of cih against 6, aro Srregular 
and, for small flap deflect?ons, they change sign. The 
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fact that tho hinge moments are frregular, combined with 
tho condition that only one aileron is moved, necessitates 
a complicated control linkage'if satisfactory stick forces 
are to be obtained unless a servocontrol mechanism is used. 

c 

.” 

_Plain aileron.- The rolling-mqment coefficfents for 
the plain aileron on the flap decrease with fncreasod flap 
deflection. A value of Cl f of 0.04 (indicated as a min- 
imum satisfactory value in reference 6) or larger may b0 
obtained provided that the flap deflection does not exceed 
40' and that both ailerons aro dsflccted (fig. 5). 

The values of the yawing-moment coefficient (fig. 5) 
would generally be adverse and large, especially mlth 
large flap deflectfons. 

The hinge moments are comparatfvely small for small 
flap deflections but they become large with increasing 
flap deflections (fig. 6). The curves of C&a against 

6a are fairly regular and, as one aileron is moved down, 
the other can be made to POVO up and the mononts ~211 bal- 
ance when 6, = 0'. S3ecause the hinge moments fnerease . -\ 1 
with flap doflectfon, any apprecfable amount of difforon- 
tial would cause overbalance with flaps deflected. 

/ - 
seeractable aileroa.- The, rolling-moment coefficients 

for the retractable aileron are satisfactory for flap an- 
gles of 4o" or less (fig. 7). For the flap angle of 50°, 
the rolling moments are less than those for thg 30' flap 
angle. The yawing moments are favorable for 0 angle of 
attack, becoming less as the angle of attack is increased, 
and at 12' they are adverse except for the condftion of 
6f = 00, 6, = -0,lOc. The hfngo moments mere not measured 
because this type of ailoron has no aerodynamic hingo mo- 
nont when the hinge is Located at the centor of the ailor- 
on radius. It appears that a satisfactory "feel" for tho 
control could bo obtained by placing the hinge axis slight- 
ly below the center of the aileron radius. 

Figures 8 and 9 show the effects of using narrow- 
chord retractable aflerons and deflecting them through a 
range greater than the aileron chord, Leaving a gap bc- 
tween the wing and the lower edge of the aileron. In prac- 
tically all cases the rolling-moment and yawing-moment co- 
officfents were raduced but the porcontage rcductfon was 
loss than the reduction in ailoron chord. mhon tho gap 
between the aileron and tho wing was too gTo,at, a sharp 
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break occurred in the lift and drag. This break would 
show as a sharp discontinuity in the curves of rolling- 
moment and yav;ing -2oxent coefffcSents if plotted against 
angle of attack, Yhe b-i&k occurred only with the flap 
deflected and -sit!! the 0,0333c afloron doflectod 0.0686~. 
Tha maxinum angle of.attack.at.nhich the break occurred 
was 3O rrith the flap dsfloctod 20'. 

The lag in rollfng motion with control movement would 
probably be lass than l/10 second for a retractable ai- 
leron as far back on the rring as those tested. 
erence 3.) 

(See ref- 

CONCLUDING RXXABKS 

IVhen all factors are considered with regard to the 
rollLng and the yawing moments produced and of the stfck 
forces desfred, the retractable aileron is the only one 
of the three aiLorons tested that would be satisfactory 
when used in coa3inat2on with the full-span slotted flap. 
The retractable afler-on may be deflected through a some- 
what greater rmgo than its chord :vith an fncrease in roll- 
ing and yawving moment. 

.Tho Plain ailerons on the slotted flap mere unsatis- 
factory because of the small rollfng moments and large 
adverse yawing moments Droduced with large flap clefiec- 
tions. The slot -lip aileron as tested would be unsatfs- 
factory for lateral control because of the ineffectiveness 
of the ailerons for deflections less than 10' with small 
flap deflections. The characterrstfcs of the hingo nsomonts 
of the plain and the slot-lip ailerons are such that they 
ara lfkely to cause difficulties in obtaining satisfactory 
btick forces. 

Langley Memoriul Aeronautfcal Laboratory, 
Nationul Advisory Committee for Aeronautics, 

Langley Field, Va., july 14, 1938. 
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TABLE I 

Ordinates for Airfoil and. Slot Shapes 

(Statfans and ordinates in percent of airfofl chord) 

N.A.C.A. 23012 Airfoil S'lotted Plap 

Station 

0 
1.25 
2.50 
5 
7.5 

10 
15 
20 
25 
30 
40 
50 
60 

- 70 
80 
90 
95 --- 

100 

Upper I Lower 
surf ace surface 

2.67 
3.61 
4,91 
5,80 
6,43 
7.19 
7,50 
7.60 
7.55 
7.14 
6.41 
5.47 
4,36 
3,08 
1.68 

.92 
.13 

0’ 
-1.23 
-3.71 
~2.26 
-2.61 
-2.92 
-c3,50 
-3.97 
-4.28 
-4.46 
-4.48 
d4,3.7 
-3.67 
--3,00 
-2!16 
-1.23 

-;70 -- 
-.13 

Leading-edge radius:1.58. 
Slope of radius through 
ena of chord: 0.305. 

- 
Contour of Slot 

- Station Ordinate 
72.32 -1.02 
74.57 .67 
76.32 1.76 
77.82 2.30 
79.32 2.65 
80.82 2.82 
82.70 I 2.64 

-Radius of arc: 7.97 

. 
Center of arc: 

66.65 4.67 

l- Upper 
Station surface 

0 
' 240 

*72 
1.36 
2,00 
2.64 
3,92 
5,20 
5*66 
6.48 
7*76 
9.03 

10.31 
15.66 
20.66 

-1;29 -1.29 
-.32 -2.05 

.04 -2.21 . 

.6X -2.36 
1.04 -2.41 
1.40 -2.41 
1.94 
2.30 

2:53 
'-2.16 

2.63 
2.58 d 
2.46 
1.68 -I:23 

.92 -.70 
25.66 1 .I.3 -.13 

Center of leading-edge arc: 
0.91 -1.29 

Loner 
surface 

Leading-edge radius: 0.91 

(Distances measured from 
trailing edge of slot l.ip) 

Path of Flap Nose 
6f (~f%g. > 1 x Y 

-- 

---l 

-- 
0 8.36 3.91 

10 5.41 3,63 

2 
3,83 3,45 
2.63 3,37 

40 1,35 2+43 
50 .50 1.63 
60 .12 1.48 



(rl 6lottea flnp, no aileron. 

(b) Ilot-lip rileron. 

0 

. (0) Plain milrr05. 

ri@puc 1. - aaotion ria Of al X.A.O.A. asola mirfoll. 
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16 

08 

L-20 -16 -22 -8 -4 0 4 8 12 16 20 
Section angle of 'attack, d0 , deg. 

Figure 2.- Section lift,drag,and pitching-moment coefficients of 
N.A. C-A. 23012 airfoil with full-span slotted flap. 
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I I r--b-L, I ‘I-4 1-J -a 
t t I I I t l-t--i-d-P+ -a. 

o--IO 

A----20 
m------30 
-I---- 40 

4 
Aileron deflection, Cja, deg. 

Figure 6 .- Hinge-monieni coefficients of plain ailerons on the full-span slot- 
ted flap of an N.A.C.A.23012 rectangular wing of aspect ratio 6. 
(a) o! = 0”) (b) d= 12”. 
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I I f I I I I I I I I I I I I I I 
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al I L- 

-. 
I I f t I I t II I II I I I II I I I I t I I I 

-40 -32 -24 -16 -8 Cl 8 16 24 32 40 48 56 
Aileron deflection. 6,, deg. 

Figure 5,- Rolling-moment and yawinggxment coefficients of plain ailerons 
on the full-span slot’ted flap of an N.A.C.A.23012 rectangular 

wing of aspect ratio 6. (a) cx = O”? (b) d = 12” 
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